Perspective-taking and emotion recognition are essential for successful social development and have been the focus of developmental research for many years. Although the two abilities often overlap, they are distinct and our understanding of these abilities critically rests upon the efficacy of existing measures. Lessons from the literature differentiating recall versus recognition memory tasks led us to hypothesize that an open-ended emotion recognition measure would be less reliant on compensatory strategies and hence a more specific measure of emotion recognition abilities than a forced-choice task. To this end, we compared an openended version of the Reading the Mind in the Eyes Task with the original forcedchoice version in two studies: 118 typically-developing 4-to 8-year-olds (Study 1) and 139 5-to 12-year-olds; 85 typically-developing and 54 with learning disorders (Study 2). We found that the open-ended version of the task was a better predictor of empathy and more reliably discriminated typically-developing children from those with learning disorders. As a whole, the results suggest that the open-ended version is a more sensitive measure of emotion recognition specifically.
Introduction
Recognizing, reasoning about and responding to the mental and emotional states of others are fundamental aspects of social interaction and development. Deficits in these abilities have been linked to a number of social problems found in clinical A second reason for favoring open-ended perspective-taking tasks to their forced-choice counterparts is that open-ended tasks more closely approximate 'real-world' emotion recognition. In naturalistic circumstances, one must spontaneously identify what another person is feeling or thinking; one does not have the benefit of guessing from a small set of pre-generated responses. Consequently, forced-choice tasks may be less ecologically valid than tasks that require one to generate mental state terms without aide.
Yet another reason to favour open-ended perspective-taking tasks, especially in children and certain clinical populations, stems from the tendency of forcedchoice tasks to rely on a specific threshold of verbal proficiency or vocabulary knowledge. One of the primary processes linked to forms of perspective-taking is language [14] , so much so that often a certain level of verbal proficiency is necessary to 'pass' these tasks [14] - [15] . Given the strong relationship between perspective-taking and verbal ability, it is probable that many of the tasks currently used to assess perspective-taking are simultaneously (and perhaps unnecessarily) tapping verbal ability. Worse still is the possibility that forcedchoice perspective-taking tasks will not accurately assess perspective-taking abilities when verbal prerequisites are not met. Although it has sometimes been suggested that open-ended response options are more reliant upon verbal ability or vocabulary knowledge than forced-choice options, this depends greatly on the nature of the task and the manner in which responses are coded. If an individual must provide a very specific answer (e.g., 'worried'), vocabulary knowledge will undoubtedly play a large role. However, if the task and coding is such that individuals can provide the 'gist' of the answer (e.g., 'nervous') then it opens the door for those with more limited vocabularies to be qualitatively correct.
One commonly-used measure of perspective-taking was developed by Simon Baron-Cohen and his colleagues and is known as the 'Reading the Mind in the Eyes' task (henceforth 'ET') [1] - [2] . In the task, participants are presented with several photographs of the eye-region and asked to choose which of four words best describes the person's mental states. This was conceived as a measure of ''how well the participant can put himself into the mind of the other person, and 'tune in' to their mental state'' based on minimal cues [2, p.241] . The ET has proved effective in discriminating adults with Asperger's syndrome or high-functioning autism (of normal intelligence) from controls [1] - [2] . In addition to work with those with ASDs, the ET has been used to examine perspective-taking deficits in other clinical populations, such as those with schizophrenia [4] , patients who have had amygdalectomy or prefrontal cortical lesions [16] , and depression [5] . A children's version of the ET was developed by simplifying the response options and reducing the number of items and has been shown to discriminate between children with ASDs and those without [3] .
The ET has been conceived as a measure of perspective-taking that encompasses both cognitive and affective components, although some researchers have utilized the ET as solely a cognitive perspective-taking task [6] , [17] whereas others have utilized it solely as an emotion recognition task [18] - [20] . Its efficacy as an emotion recognition task per se is questionable given that it has never been validated as such and has failed to detect deficits where previous research suggests they should exist. For example, the ET was used to examine emotion recognition in relation to psychopathic tendencies in adults, revealing no deficits [18] , [21] , contrary to findings with adults [22] and children with related tendencies [23] that did not rely on the ET as the measure of emotion recognition. A potential reason for this discrepancy is that the forced-choice nature of the ET allows for the subjects' cognitive skills to compensate for any deficits in their emotional ones. For these aforementioned reasons, we see considerable merit in examining the ET's ability to measure emotion recognition per se and perspective-taking abilities more generally in comparison to an open-ended, or generative, version of the same task.
Undoubtedly, researchers have recognized the limitations of forced-choice emotion recognition tasks before, with some researchers using open-ended emotion recognition tasks with great success, even in preschool populations [24] . Nonetheless, presumably because of the ease of implementation, a tendency to rely on measures that have been previously used, and because much of the groundwork has not been laid for administering and coding open-ended versions, many researchers continue to use forced-choice tasks exclusively. Even though practicality is of obvious methodological import, measurement accuracy is arguably of greater importance and we saw considerable merit in creating a coding scheme for, and testing the efficacy of, an open-ended format to assess how response format changes what is being measured.
Although there are other emotion recognition tasks available for use with children, we have chosen the ET for a number of reasons. First and foremost, its widespread popularity allows comparisons to be made with other research. In addition, many of the emotion recognition measures used with children utilize stories or other descriptions to elicit a response [25] - [28] requiring considerable verbal ability or vocabulary knowledge, a factor we aimed to minimize.
The purpose of the present research was threefold: (1) to compare and contrast children's performance on the standard (i.e., forced-choice) ET with a generative (i.e., open-ended) version of the same task, (2) to determine the convergent and discriminant validity of our open-ended version and coding scheme as both a perspective taking measure and an emotion recognition measure by examining the relationships of the two versions to verbal ability, empathy (believed to rely most on affective aspects of perspective-taking), and another widely-used measure of perspective-taking-Happé's Strange Stories (believed to rely most on cognitive aspects of perspective-taking) and (3) to test how the two versions compare in predicting group membership between a sample of typically-developing children and a clinical sample (i.e., a learning disordered-sample known to have deficits in social-emotional skills and verbal ability). These goals were examined over two separate studies.
The face validity of the ET suggests it can be used as an emotion recognition task-it is, after all, a task that shows a particular expression in the eye-region of a person's face and participants are asked 'What is this person feeling?'. We hypothesized that an open-ended version should be an even more specific and sensitive measure of emotion recognition per se than the ET because it does not allow for cognitive strategies such as process of elimination and is stripped of its forced-choice response options that sometimes include cognitive terms such as 'thinking of something'. In line with this, we predicted the open-ended version would be a) less related to Happé's Strange Stories than the forced-choice ET, b) more related to empathic tendencies than the forced-choice ET, and c) a better predictor for discriminating typically-developing populations from atypicallydeveloping populations with affective perspective-taking deficits.
Method: Study 1
Study 1 was designed to compare the two task types in their ability to predict dispositional empathy and provide convergent evidence that an open-ended or generative version of the ET (henceforth 'GET') is a useful measure of emotion recognition. Given the abundance of evidence showing a positive relationship between emotion recognition and empathy-the ability and tendency to understand and respond to another person's emotional state [29] - [31] -a childhood measure of empathy was selected to compare the affective nature of the GET and the ET.
Ethics Statement
All children provided verbal assent and parents provided written consent prior to testing. The study was approved by the Behavioural and Research Ethics Board of the University of British Columbia.
Participants
One hundred and eighteen participants were recruited from after-school care programs in Vancouver, Canada. Participants ranged in age from 4 to 8 years (72 boys; mean age55.84 years, SD5.97 years). An additional 16 participants (11.9% of the full sample) were excluded due to their failure to complete either the measure of dispositional empathy (9) or the ET or GET (7). In the opinion of the research assistants running these children, the failure to complete the dispositional empathy measure was most often due to failure to understand the questions whereas failure to complete either the ET or GET was more often due to parental interruption. Notably, if children found the ET or GET difficult and gave ''Don't know'' as answers, those responses were included in the analyses.
Measures
Reading the Mind in the Eyes, Children's Version (ET) [3] This task requires participants to choose the most appropriate term to describe the thoughts or feelings of others based upon still photographs of the eye-region of the face. Participants choose from four possible terms that researchers read aloud. For example, item 3 has the options of 'friendly', 'surprised', 'sad', and 'worried' (correct answer is 'friendly'). See Appendix S1. Regardless of item type children are always asked, ''What is this person feeling?''. A full statistical analysis of the ET (utilizing a subset of the data herein) was conducted using Confirmatory Factor Analysis (CFA) [28] . CFA revealed that the ET was best represented by one factor. Half of the participants completed this version of the Eyes task whereas the other half completed the Generative version.
Generative Eyes Task (GET) [28] This task was created using the stimuli from the standard task. It is identical except that it requires participants to generate their own answer when asked ''What is this person feeling?''. Answers were coded as correct if the participants' answer matched the emotional category (i.e., positive, neutral, negative, or hostile) of the correct response from the forced-choice format. See Appendix S1 for the coding scheme and examples. Given it has been found that a two-factor structure (factor one representing items with an emotion valence and factor two representing items that are emotionally neutral) better fits the GET [28] , the results for both the full version of the GET and the results for the 19-item GET that includes only the emotionally-valenced items (i.e., neutral items excluded) were included herein. The 19-item and full version GET were highly correlated, r5.790, p,.001.
Bryant Index of Empathy [32] This is a 22-item self-report measure of dispositional empathy, validated for ages 5 through 13. The measure was presented verbally and in question form (instead of statement form). For example, the item ''People who kiss and hug in public are silly'' became ''Do you think that people who kiss and hug in public are silly?'' Options for answers are ''True'' or ''Not true'', although as the measure was administered verbally in question form, we accepted ''Yes'' and ''No'' as answers. The measure provides one total score for dispositional empathy, and many items include assessment of the perspective-taking elements of empathy. The measure has good test-retest reliability (ranging from r5.74 to .81) and convergent and discriminant validity, as assessed using other measures of empathy (convergent) and reading-achievement scores (discriminant) [32] . In our sample, the alpha was .58, in line with the reported .54 for the 5-6 year-old group in the validation study.
Procedure
All participants took part at their after-school care program. Participants were first given the Bryant Index of Empathy followed by either the GET or ET.
Results: Study 1

Preliminary Analyses
In the final sample, 65 participants completed the ET and 53 completed the GET. Independent samples t-tests were conducted to ensure that there were no differences between the two groups on gender and age, both non-significant (p's..30). Additionally, we wanted to ensure that there were no empathy differences between the two groups, and thus an independent samples t-test was conducted with dispositional empathy as the dependent variable. This too was non-significant, t(116)5.097, p5.923, Cohen's d5.018, and thus any relationship with the Eyes tasks cannot be due to inherent group differences on empathy.
Eyes Tasks Analyses
Scores on the two versions of the Eyes task were compared between groups using proportion correct. Participants who completed the ET (M549.36%; range510.71% to 78.57%) performed much better than those who completed the GET (M529.32%; range57.14% to 46.43%). For the 19-item GET (M534.26%; range510.53% to 57.89%), results showed no significant differences in scores between the two versions, suggesting that the valenced items on the GET and the full version of the ET were equally difficult. See Table 1 for a full comparison. Importantly, the distributions on the two tasks were very similar, with neither demonstrating a ceiling or floor effect and both showed a relatively-normal distribution.
Age was found to be highly correlated with performance on the ET, r5.45, p,.001, with older children performing better, but showed no relationship to the GET, r5.06, n.s. [r5-.19, n.s.; 19-item GET]. Strictly speaking, no gender differences were identified for either the ET or GET, however, there was a trend on the GET favoring females, t(51)51.88, p5.065, Cohen's d5.51 [t(51)51.92, p5.061, Cohen's d5.54; 19-item GET].
Empathy and the Eyes Tasks
To test the relationships between dispositional empathy and both the GET and ET, zero-order correlations were utilized. Dispositional empathy was unrelated to scores on the ET, r5.090, n.s., but was significantly related to scores on the GET, r5.285, p 1-tail 5.019 [r5.205, p 1-tail 5.070; 19-item GET]. When Spearman's correction for attenuation [33] was applied, the correlation between the Bryant and the ET rose to r'5.146, n.s., and that for the GET rose to r'5.614, p,.01 The primary goals of the current study were to a) examine the reliability and performance of both the GET and ET, and b) provide convergent validity for the GET as an emotion recognition measure. With respect to the first goal, though the alpha of the full GET was low, the removal of neutral items increased the reliability and placed it on par with other measures for younger children, including the ET and the Bryant Index of Empathy. Though the average score for the ET was significantly greater than that for the GET, suggesting the ET is an easier task for this young age-group, that was not the case when the neutral items were removed from the GET.
We provided convergent validity for the GET as a measure of emotion recognition by showing that it was positively and significantly related to dispositional empathy, a relationship that was not present with the ET. With performance on the GET accounting for approximately 8% of the variance in empathy, this is similar in magnitude to previous studies examining the relationship between affective perspective-taking and empathy which have been in the range of 10% to 12% [29] , [34] . Though one might expect a greater relationship between the valenced items of the GET and empathy, it is probable that the ability to also identify neutrality is important in understanding other people's emotional states and thus the better one is at that, in addition to identifying valenced emotions, the more empathic one may be.
In sum, these results provide some convergent validity for the GET as an emotion recognition task and suggest that the GET is a more sensitive and specific measure of affective components of perspective-taking than the ET.
Methods: Study 2
Study 2 was designed to provide discriminant validity for the GET by comparing performance on shortened versions of both the GET and ET to verbal ability and a measure of cognitive perspective-taking. A shortened version was utilized in order to provide within-subjects analyses with each participant completing half of the stimuli in open-ended form (i.e. the GET) and half as forced-choice (i.e., the ET). Furthermore, the original development of the ET was driven by the need to identify differences between clinical and typically-developing populations. Although much of the work on deficits in social functioning has targeted individuals with ASDs, there are other groups (such as those with learning disorders) who have demonstrated social deficits without more global cognitive impairment. In addition to comparing the short forms of the ET and GET, Study 2 examined the utility of these short forms in a clinical sample of children with learning disorders with known verbal and social-emotional deficits.
The choice of a learning-disordered sample stems in part from research on individuals with learning disorders that has found impairment in identifying emotional states relative to non-learning disordered individuals, even in adulthood [35] . Importantly, the diagnosis of specific learning disorders precludes a diagnosis of widespread cognitive disability [36] , whereas a diagnosis of an ASD, for example, is often accompanied by clinical levels of cognitive impairment. Given the presence of both verbal and emotion recognition deficits in a learningdisordered population and the absence of general cognitive impairments, a sample of learning disordered individuals was deemed an appropriate clinical sample to test the feasibility of the GET for use with an atypically-developing population and to test the GET versus the ET's power to predict group membership. A task that is purported to measure abilities associated with social functioning should discriminate any group with such deficits from their typically-developing counterparts. Given the presence of verbal deficits, we can compare how these tasks perform when controlling for verbal ability.
To these ends, children from the local area as well as children from a local school for those with learning disorders involving social-emotional deficits were recruited to take part in the study. The ET, GET, and a measure of verbal ability were administered and scores were compared to the typically-developing students to determine if there were significant differences between the two groups on each measure. We hypothesized that scores on the ET and GET would be lower than in a typically-developing group, in line with the work on emotion recognition deficits in those with learning disorders. We also expected that the GET would be a better predictor of group membership (typically-developing vs. those with learning disorders) than the ET.
Ethics Statement
All children provided verbal assent and parents provided written consent. The study was approved by the Behavioural and Research Ethics Board of the University of British Columbia.
Participants
Eighty-five typically-developing children (47 boys) from Vancouver, Canada participated in the K.I.D. Studies Centre at the University of British Columbia. The children ranged in age from 5-to 12-years (M58.18 years, SD51.60 years). Data from seven additional children were excluded due to the participants' low proficiency in English because English was not their native language (4) or failure to complete the tasks (3) . As the children in Study 1 were younger, the current sample was analyzed for children up to 8 years of age (M56.97 yrs; SD5.56 yrs) (n548; 26 boys) and children older than 8 (M59.75 yrs; SD51.04 yrs) (n537; 21 boys).
Additionally, fifty-four students (6-to 13-years old; M age 511.22 years, SD51.68 years; 29 boys) from a local school for children with learning disorders were recruited. For inclusion children had to have average intelligence, but show marked deficits in academic and social-emotional processing as assessed by school officials. In the current study, no participant was rated as having 'no deficit', and the participants with the lowest level of social weaknesses were rated as having ''mild-moderate'' deficits (n57), with the majority being rated as having more severe social deficits. Thus all participants met the criteria of having a social skills deficit. In addition, to be included they must not have had any brain injuries or severe behavioural problems.
Measures
Reading the Mind in the Eyes, Children's Version (ET) [3] The ET is the same as used in Study 1. In the present study, however, only half of the stimuli were used so that the other 14 items could be administered in the generative version of the task. In the discriminant validity analyses, the same stimuli sets were used across all participants; however, for the group comparison, which stimuli set was used for the ET versus the GET was counterbalanced.
Generative Eyes Task (GET) [28] The GET is the same as used in Study 1, but like the ET, only half of the stimuli were used. As the GET is best represented by two factors [28] , the results are given using the full version (i.e., 14 items) and a 10-item version representative of the emotionally-valenced items for the comparisons in the typically-developing participants. Only the full version is used in the group comparisons analyses as the items used for the ET and GET were counterbalanced.
Happé 's Strange Stories [37] This task involves answering questions about the non-literal statements made by characters in short stories and was completed only by the typically-developing students (to make comparisons to the ET and GET). Participants are asked two questions for each story: ''Is what the person said true?'' and ''Why did they say it?'' Correctly answering these questions requires that the participant understands the character's mental states. Answers are coded based on how well the child's answer reflects an awareness of the mental state behind the statement. The 12 different story types include: lie, white lie, joke, pretend, misunderstanding, persuade, appearance/reality, figure of speech, sarcasm, forget, contrary emotions, and double bluff. Only one of the stories pertains to emotional states, and it involves reasoning about the conditions that lead to contrary emotions; it does not involve emotion recognition, which is the primary interest in the GET. To reduce the burden on participants, only one of each type of story was used (12 of the original 24). The author of the original measure and members of her lab have used one of each type of story in her research as well (Booth, personal communication 2006). The stories have been found to reliably discriminate children with known mental-state identification deficits, such as those with ASDs, from typically developing children [37] . The child's answers for each story were scored on a 3-point scale with 0 being awarded for an incorrect answer, 1 point for a partially-correct answer, and 2 points for a fully-correct answer. The participant's total score (i.e., the sum of the score for each story, out of 24) was used for analyses. One quarter of responses were coded by another experimenter who was blind to the participant's performance on other measures (k5.81).
Verbal Ability
To assess verbal ability, the Verbal Comprehension test of the Woodcock-Johnson III (WJ-III) [38] was administered. Despite its label, the Verbal Comprehension test involves both language comprehension (receptive language) and language production. This test is comprised of four subtests measuring expressive lexical knowledge (e.g., Can you tell me what [picture] is called?), synonyms (e.g., Tell me another word for _____), antonyms (e.g., What is the opposite of _____?), and analogies (e.g., Finish the sentence -A is to B as C is to _____). Verbal Mental Age is computed based on the participant's performance on the four subtests.
Procedure
Participants were first administered either the two Eyes Tasks (both the ET and GET) or the Strange Stories (for typically-developing students only), counterbalanced. The GET always preceded the ET so that participants could not simply echo terms provided in the forced-choice format when completing the GET, as previous work has shown that performance on forced-choice tasks predicts performance on open-ended tasks when administered first [39] . Participants were then given the Verbal Comprehension test of the WJ-III.
Results: Study 2
Discriminant Validity Analyses
Comparing the ET vs. the GET To make comparisons between the ET and the GET, scores were transformed to proportion scores. The ET was significantly easier than the GET as it was in Study 1, though differently, the 10-item GET was also significantly more difficult than the ET. These differences were larger for the older sample than the younger group (which was more in line with the age range in Study 1). The two tasks were not correlated, r52.097, n.s. [r5-.032, n.s.; 10-item GET]. See Table 1 for a full comparison. The fact that the two are not more highly related is consistent with our claim that changing the nature of the response format changes the very nature of the task and what it measures.
Relationships with Verbal Ability and Age
To determine the relative relationship between the ET and the GET with verbal ability, both scores were included in a linear regression predicting the child's verbal mental age. This was done to allow direct comparisons between the ET and GET. Results indicated that the ET, b5.471, p,.001 [b5.450, p,.001; 10-item GET] was a far better predictor of verbal mental age than the GET, b5-.136, p5.167 [b5-.237, p5.014; 10-item GET]. These results reveal that the ET is more strongly correlated with verbal ability than the GET.
Verbal ability and age were highly correlated, as expected, r5.661, p,.001, and thus the relationships between age and the Eyes Tasks were nearly identical to those with verbal ability. The ET was over five times more predictive of age, b ET 5.366, p5.001 versus b GET 5.069, p5.501 [b ET 5.369, p,.001 versus b GET 5-.131, p5.202; 10-item GET]. Interestingly, when verbal ability was included in the models, the beta for the GET became nearly significant, b5.157, p5.060, whereas the beta for the ET became non-significant, b5.061, p5.508, revealing that, when verbal ability is controlled for, the GET is correlated with age whereas the ET is not. The relationship between the ET and age is dependent upon changes in verbal ability with age, whereas the GET is not.
Relationships with Happé 's Strange Stories
Linear regressions were used to compare the relationships of the ET and GET with another measure of cognitive perspective-taking, Happé's Strange Stories. The two Eyes Tasks were included in the same regression predicting the Strange Stories. 
Group Comparisons Analyses
Preliminary Analyses
As the stimuli sets used for the ET and GET were counterbalanced for the learning disordered group, results for the ET and the GET were first compared by stimuli set. There were no differences in performance between sets on either the ET, t(52)51.476, p5.146, Cohen's d5.41, or the GET, t(52)5.594, p5.555, Cohen's d5. 16 . Due to the lack of differences by stimuli set, the data were combined for all further analyses.
To determine if the participants had verbal deficits relative to the typicallydeveloping participants, independent group t-tests on age and verbal ability were conducted. Results showed no significant difference in verbal ability, t(137)52.846, n.s., Cohen's d5.14 (M diff 50.39 yrs), despite a significant difference in mean age, t(137)5210.729, p,.001, Cohen's d51.83, with the learning-disordered participants being significantly older than the typicallydeveloping participants (M diff 53.05 yrs). Therefore, the learning-disordered participants presented with a verbal deficit compared to the typically-developing participants, relative to their mean age.
Comparing the ET and the GET Performance on the GET was significantly worse than performance on the ET, t(53)5213.743, p,.001, Cohen's d53.78, but not so much so that it resulted in a floor effect (see Figure 1) . When the two measures were correlated with verbal ability, the ET was significantly related, r5.284, p,.05, but not the GET, r5.159, n.s., implying that the ET was recruiting verbal ability in the clinical sample, as was also true of the typically-developing sample. Furthermore, when performances on the ET and GET were compared for the learning-disordered and typically-developing samples, there were no group differences on the ET, t(137)521.129, n.s., Cohen's d5.19. However, there was a significant difference between the two groups on the GET, t(137)54.615, p,.001, Cohen's d5.79, with typically-developing participants performing significantly better than the clinical sample (see Figure 2 ).
Predicting Group Membership
To determine if the group differences could be predicted by the ET or GET, a Logistical Regression analysis was run predicting group membership (i.e., clinical versus typically-developing). In step 1, age and verbal ability were entered to control for their effects. In step 2, scores for the ET and GET were entered. Although age (odds-ratio51.149 [CI: 1.093,1.208]) and verbal ability (oddsratio5.956 [CI: .934,.979]) were both significant predictors of group membership, performance on the GET was the most significant predictor, with a unit decrease in performance increasing the odds of being in the learning-disordered group by 87% (odds-ratio5.533[CI: .382,.743] with typically-developing as the baseline group). Importantly, the model was able to correctly classify 88.5% of individuals into their respective group-clinical or typically-developing. There was no such significance for the ET (odds-ratio5.980[CI: .704,1.366]).
Discussion: Study 2
The goals of this study were first to compare and contrast a shortened forcedchoice version of the Eyes Task with an equally shortened open-ended version. Furthermore, to examine their relationships to verbal ability and another widely-used open-ended perspective-taking task (Happé's Strange Stories) believed to rely predominantly on cognitive rather than affective components of perspectivetaking. A final goal was to determine how the measures fare in discriminating typically-developing children from those who have moderate deficits in affective perspective-taking.
When comparing the shortened versions of the ET and GET, the results are consistent with our prediction that the GET is unrelated to cognitive aspects of Figure 1 . Comparison of performance on the ET and GET in the learning-disordered group (Study 2). Children in the learning-disordered group who were identified as having difficulty with social-emotional skills do not seem to show a floor effect with respect to the Generative Eyes Task (GET), a concern when testing a clinical population. However, compared to the traditional Eyes Task (ET), the GET remains more difficult for this group as a whole as evidenced by statistically significant differences in performance between the two versions of the GET and the ET. Error bars represent 2 SDs of standard error.
doi:10.1371/journal.pone.0093653.g001 Figure 2 . Comparison of performance on the ET (2a) and GET (2b) between the learning-disordered or typically-developing groups (Study 2). Comparisons between the two groups on the Eyes Task (ET; Figure  S2a ) and the Generative Eyes Task (GET; Figure S2b) show that although there is no difference in performance on the ET, there is a difference on the GET. Notably, the two groups were comparable in verbal ability (despite the learning-disordered group being older), suggesting that verbal ability is key to the ET, but not the GET. The difference between the two groups on the GET was statistically significant at p,.05. Error bars represent 2 SDs of standard error. perspective-taking (at least as measured by the Strange Stories task). The ET, that we hypothesized to be related to cognitive abilities, was more strongly associated with verbal ability and Happé's Strange Stories, as a measure of cognitive perspective-taking. However, when verbal ability was controlled for, the relationship with Happé's Strange Stories became non-significant, suggesting that the primary source of shared variance between the ET and the Strange Stories task was their shared reliance on verbal ability. In contrast, the GET had no relationship with verbal ability or Happé's Strange Stories. This was particularly important as one of the goals was to create a task that does not rely on advanced verbal ability. After all, a high level of verbal ability is not necessary for recognizing others' emotions and responding appropriately, therefore, tasks that require a high level of verbal ability may fail to accurately capture the affective perspective taking skills of individuals without that level of proficiency (e.g., young children, individuals with ASDs and other disorders linked to verbal deficits). The significant correlation between age and the GET (when verbal ability is controlled for) suggests that the GET is identifying moderate improvements in emotion recognition abilities that are unrelated to one's vocabulary knowledge of specific emotion labels. The ET, in contrast, appears to be primarily identifying improvements in vocabulary instead of age-related changes in perspective-taking performance per se.
Regarding the ability of the individual measures to discriminate between a clinical group of children with learning disorders and typically-developing children, results showed not only that those with learning disorders performed worse on the GET relative to the typically-developing sample, but also that the GET was a significant predictor in classifying individuals into their respective clinical or typically-developing group, in line with earlier work on learning disorders and emotion recognition [35] . The ET, on the other hand, did not detect any differences between the clinical and typically-developing groups. The GET was a more difficult task than the ET, suggesting that either the ET inflates performance (e.g., by allowing for process of elimination) or is assessing something other than emotion recognition per se. As in the previous results, performance in the ET was related to verbal ability whereas performance on the GET was not; this may explain the lack of group differences on the ET as the two groups did not differ in their verbal ability.
Importantly, the GET was not so difficult that it resulted in a floor effect, indicating it may be successfully used to test emotion recognition even in a clinical sample with low verbal ability and learning disabilities. The failure to find any significant differences between the stimuli sets (i.e., the first half of the stimuli vs. the second half of the stimuli) used in the ET and GET demonstrates that the results do not stem from differences in the specific images used, but rather reflect inherent differences in the forced-choice versus open-ended nature of the tasks. Additionally, variability in the clinical group was similar to that of the typicallydeveloping group for both the GET (s C 2 53.48, s T 2 52.96) and the ET (s C 2 54.18, s T 2 54.13); therefore, it is unlikely that the results are due to any differences in variability between the learning-disordered and typically-developing groups.
General Discussion
The current studies compared the widely-used Reading the Mind in the Eyes task [1] - [3] with a modified open-ended version in their a) relationship to verbal ability, b) relationship to dispositional empathy, c) relationship to a measure of cognitive perspective taking that also used an open-ended format, and d) ability to predict group membership between those with and without social-emotional deficits. Following the logic underlying the plethora of research discriminating the processes tapped by recognition (i.e., forced-choice) versus recall (i.
e., openended) memory tasks [11] - [12] , we hypothesized that the GET would be a more powerful and specific measure of emotion recognition.
Results were in line with this hypothesis. First, the GET was unrelated to verbal ability (Study 2) and was a better predictor of dispositional empathy (Study 1), a well-established correlate of emotion recognition, than the ET. Furthermore, the GET differentiated individuals from a clinical population from those in a nonclinical one (Study 2). Second, we found that the forced-choice nature of the ET taps processes (e.g., verbal ability) that are not specific to perspective-taking or part of perspective-taking in naturalistic situations. Furthermore, the ET, unlike the GET, is amenable to compensatory strategies such as 'process of elimination' that could inflate participants' scores and mask subtle deficits in emotion recognition and perspective taking. We urge researchers to consider these findings when deciding which response format (open-ended vs. forced-choice) is the most appropriate for use with their population of interest and their specific research questions. We suggest that the GET may be more appropriate when researchers are specifically interested in emotion recognition or affective perspective taking (as opposed to cognitive perspective taking or general perspective taking abilities) and when working with populations with limited verbal abilities (e.g., very young children or those with learning disorders or verbal deficits).
The open-ended nature of the GET also allows young children, and others with low verbal ability, to provide responses that capture emotional significance using age-or ability-appropriate language, opening the door for researchers to test emotion recognition in younger and broader populations than the ET. The GET was unrelated to verbal ability, which some may view as counterintuitive due to the verbal demands of generating words. We believe, however, that all participants reached the minimum verbal ability required to simply speak about emotions. Once this minimum is reached, there is no reason to believe that verbal ability would influence the score on the GET due to the valence-based nature of the coding system. A child who responds with ''Happy'' to a positive-valence item would be as correct as a child with a higher verbal ability who may identify it as ''Ecstatic'' or ''Joyful''. As such, we would only expect verbal ability to predict differences in terms of nuanced language used within a particular valence, but not performance per se. In turn this then allows for a more thorough examination of the developmental trajectory of perspective-taking using the same measure across ages. Future research should also address whether the GET is appropriate for predicting other outcomes (e.g., aggressive tendencies) and whether or not changing the ET to same-valence options for the four choices or to offer four different valence terms as the four options would lead to greater efficacy as an affective perspective-taking task.
We are not the first to suggest that the verbal load of the ET may not be suitable for younger children. Peterson and Slaughter [40] simplified the ET, utilizing 2 items with a lower verbal load and administered it to individuals aged 3 to adulthood. They found that the simplified version was correlated with false-belief understanding in children, a well-known measure of a milestone in cognitive perspective-taking. It seems that the ET provides stimuli that are beneficial to examining at least some aspects of perspective-taking, but that the current methodology may not be ideal for examining these abilities in all children due to the verbal demands. The GET, with the focus on the perceptual recognition of the expression (rather than a combination of expression recognition and word recognition), provides a more accurate assessment of a child's ability to read perceptual cues to emotions. The latter is more representative of real-life emotion recognition situations and therefore also a more ecologically valid task.
In considering potential limitations of the present findings, one might question whether the results merely reflect a more 'lenient' coding of the GET compared to the ET; we discredit this idea for the following reasons. First, the categorical coding of the GET parallels the requirements of the ET because the four forcedchoice terms provided in each ET item rarely if ever include a same-category alternative when the correct response was emotional in nature (see Appendix S1). Second, results across the three studies suggest that participants found the GET task harder than the ET. If the coding were more lenient, we would expect to find participants performing much better on the GET.
A second concern could be that the GET did not correlate with age, despite the somewhat larger age-range tested (outside of the marginal association in Study 2). One might wonder whether the lack of correlation with age implies a limitation of the measure, however, we argue that it is not surprising that there are not significant age-related changes in the sample measured. Neurological structures implicated in emotion recognition have been found to be developed by the age of 3-4 [41] , suggesting future developmental changes should be small to moderate, a prospect that is supported in the literature. Consider for example, research looking at facial emotion recognition in children aged 5 to 11 and adults that found very little developmental change in the ability to identify the basic emotions (happiness, anger, and sadness) between 5-year-olds and adults (only fear showed a relatively large increase, from 82% correct in 5-year-olds to 97% in adults) [42] . Thus, the marginal association in Study 2 likely reflects this small development that has been highlighted elsewhere, but any larger association would be unexpected.
It is important to acknowledge that the GET will not always be preferable to the ET; each has their advantages and disadvantages depending on the research objectives. One advantage of the forced-choice version is its known utility in distinguishing between those with and without ASDs. The GET may well serve this same function; it has not been assessed herein and thus we cannot speak to the possibility directly. We do know, however, that the GET distinguishes between those with mild-moderate social-emotional deficits and typically-developing children. More research will allow for a better understanding of which age groups and populations are best served by the use of the GET as compared to the ET. Notably, there is considerable evidence in the literature showing that the forcedchoice task is a decent measure of perspective-taking in general, a finding supported by the statistical comparison between the two tasks [29] . The GET, on the other hand, appears to be advantageous for the purpose of specifically identifying emotion recognition deficits, for predicting empathy, and for differentiating between learning-disordered individuals and typically-developing individuals.
The results herein provide a strong starting point for the utilization of a new method for assessing emotion recognition. The current research provides important steps toward increasing the utility of the measurement tools that are available to researchers and improving the study of emotion recognition and its distinction from cognitive perspective-taking. Although there is still a need for further research (e.g., does the GET provide a better predictor than the ET of other outcomes such as aggressive tendencies?), we hope the current findings encourage researchers to consider the important lessons from the literature contrasting recall and recognition memory tasks and bear in mind those lessons, and other considerations discussed above, when designing their studies and drawing conclusions from open-ended versus forced-choice emotion recognition and perspective-taking tasks.
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